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Abstract 
The goal of this thesis is to apply knowledge of analogue circuits to demonstrate perfor-
mance of VFD based triode Nutube designed by Korg. After reading this material, the user 
is able to understand advantages and disadvantages of this component and further devel-
opment problems. 
This study includes information of vacuum tubes history and circuit design, theory of ampli-
fiers design and audio measurements methods, which can be useful for further work of audio 
engineers. Study discusses the main principles of amplification of signal in the low frequency 
range (of audible frequency). 
The result of the project is an amplifiers based on Nutube 6p1 and its measurements which 
will demonstrate efficiency and benefits of this component and analysis of future perspec-
tives of the device. 
The prime goal of the project was achieved successfully. Four amplifiers for different pur-
poses was designed and measured. Modern VFD vacuum tube demonstrated itself as a 
tube which can provide “tube sound” with low supply voltages. However, there are problems 
with Nutube 6p1 which makes it useless in audio systems with high fidelity.    
 
 
Keywords Audio, Low Frequency, THD, Noise, Vacuum tube, Circuit de-
sign, PCB design 
 
 Contents 
1 Introduction 1 
1.1 A Brief History 1 
1.2 Tubes in Audio Equipment 2 
1.3 Audio Standards 3 
1.4 Nutube and VFD 4 
1.4.1 Nutube 6P1 Datasheet 6 
1.4.2 Nutube 6P1 Application Notes 6 
1.4.3 Microphonic Noises 8 
2 Theoretical Background 9 
2.1 Working Principle of a Vacuum tube 9 
2.2 Amplifiers Theory 10 
3 Design the Prototype 12 
3.1 Nutube Board 12 
3.2 Capacitors Selection 13 
3.3 Single Amplifier by Korg 14 
3.3.1 Schematics and Layout of Components 15 
3.4 Double Stage Nutube Amplifier 16 
3.5 Nutube Amplifier with Power Stage 18 
3.6 Portable Double Stage Nutube Amplifier with Power Stage 20 
4 Measurements 23 
4.1 Output power 23 
4.2 Effective Frequency Range 23 
4.3 Total Harmonic Distortion (THD) 24 
4.4 Noise Figure and Signal-to-Noise Ratio 26 
4.5 Over-all cross-talk attenuation 28 
5 Results and Discussion 29 
6 Conclusion 31 
References 32 
 
 
  
 
 
Abbreviations 
 
Hi-Fi - High Fidelity 
VFD - Vacuum Fluorescent Display 
dB - Decibels 
Hz - Hertz 
PCB - Printed Circuit Board 
SNR - Signal-to-Noise Ratio 
JFET - Junction Gate Field-Effect Transistor 
DC - Direct Current 
NF - Noise Figure 
IC - Integrated Circuit 
THD - Total Harmonic Distorti
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1 Introduction 
In the beginning of the third millennium, not a lot of people remember that in the history 
of electronic devices vacuum tubes was one of the most important components. It was 
used in wide range of devices such as radio, TVs, telephone networks and even com-
puters. 
In 1950s vacuum tubes started to lose position on the market because semiconductors 
were introduced. Since then there was no much development in this field. They were still 
used in the military sector, microwave devices and audio equipment.  
In 2014, a company called KORG presented new vacuum tube which has same ad-
vantages as a normal vacuum tube but got a new design and fixed problems of lifetime, 
power consumption and size. These disadvantages have removed tubes from this field 
and they were replaced by solid state components. 
The goal of this project is to investigate characteristics of this component, develop an 
amplifier, explore can it be used in HiFi equipment and based on results find possible 
applications where it will suit. 
 
1.1 A Brief History 
 
In the world’s history vacuum tubes played a pivotal role in many events and changed 
everyday life significantly. History of vacuum tubes started in the middle of 19th century. 
1855  - Geissler tube was invented in Germany by Heinrich Geissler. It was not 
vacuumed tube but evacuated gas discharge tube. The pressure inside of them vary 
from 40 to 0.03mmHg and it gives different visual effects. It was used to demonstrate the 
principles of electrical glow discharge. [1] 
1875  - Photoelectric cell was introduced. It was vacuum or gas-filled tube which was 
sensitive to the light. It was used for the long term in the different application until photo 
resistors were invented. [3] 
1897  - CRT oscilloscope was created. It consists of Braun Tube which was used in 
1907 by Boris Rosing to display geometric shapes on the screen and it was the start of 
television and radar tubes. [3] 
1904  - ‘Fleming Valve’ was invented by John Ambrose Fleming. It is first practical elec-
tron tube and diode as well. IEEE called it as “one of the most important developments 
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in the history of electronics”. It was used to rectify high-frequency oscillations and thus 
detect wireless signals. [2] 
1906  - invented the triode. In the beginning, it was called audion. It was the first device 
which could amplify the signal. Name triode is coming from its structure, consisting of 
three electrodes – plate, the filament (also known as anode and cathode) and a grid. [2] 
1926  - Hull and Williams co-created the tetrode. It was triode with one additional grid. 
This tubes had greater amplification coefficient and greater input impedance, but they 
didn’t get popular because of decreasing of the quality of the signal, due to secondary 
emission from the anode to screen-grid. The Same year was introduced pentode, by 
Philips and it could amplify power without any distortion. [3] 
1938  - Klystron tube was developed by Americans Russell and Sigurd Varian. It is de-
vices which can amplify signals from radio frequencies up to microwave frequencies. It 
is used even nowadays because it can produce more power on the high frequencies 
than solid state microwave can do. [3] 
 
1.2 Tubes in Audio Equipment 
 
As part of electronics field, audio equipment was influenced by valves (vacuum tubes in 
British English) a lot. It is also called low-frequency devices. First audio amplifiers were 
massive and used only in public address systems and movie theatres. In course of time, 
they became smaller and affordable.  
In 1927 first portable amplifiers came to the market. They had bad quality and didn’t have 
any tune control. In that time guitars got more and more popular and musicians wanted 
to get loud sound from their instruments. This way guitar amplifier’s market was formed. 
In this year’s main structure of amplifiers was stated. It consists of pre-amplifier, control 
block and power amplifier.    
In the 1970s, solid state components started to take over. Transistor amplifiers became 
cheaper, smaller. They started to develop very fast. Since 1980s mid-priced guitar am-
plifiers were usually using solid-state components. High-end amplifiers were using tubes 
because most of the musicians didn’t like “transistor sound” and they were telling that 
tube amps has “warm tube sound” and more natural distortion effect which used by rock 
band guitar players. 
3 
 
 
Nowadays, most of HiFi equipment is based on transistors, but musicians and audio 
recording companies prefer tube amplifiers. Companies like Fender, Vox, Marshall and 
Blackstar produce amplifiers with tubes. It is “all-tube” design or combined, tube pream-
plifier with solid state power amplifier. However, most high-end amplifiers which are used 
in the gigs or recording studios uses tubes. All these tube amplifiers cost much more 
than modern solid state amplifiers. 
1.3 Audio Standards 
 
Audio devices can vary a lot, with price, output power and the technologies which are 
used in them. To understand which device is good and which is not was applied some 
standards. They directed developers to reach some minimum requirements so they can 
mark their equipment as HiFi device. 
HiFi stands for High Fidelity which means that this device has a high-quality reproduction 
of sound. Ideally, HiFi device has inaudible noise and distortion, and infinite frequency 
response. 
Each type of audio equipment has their own minimum requirement. Some countries have 
their own standard as well. For example, German have their own standard - DIN 45500 
which was formed in 1974. International Electrotechnical Commission has their own 
standard called IEC 60581. Russia has GOST 24388-88 and India has IS 9551. 
Some of these standards are opened like Russian or Indian and some of them need to 
buy. They have almost similar minimum requirements and minor differences in measur-
ing conditions.  
Table 1. Comparison of available standards  
Standard DIN 45500 GOST 24388-88 IS 9551 
Balance Control >8 dB for each chan-
nel 
If more than 1 chan-
nel , >8dB Variation 
for each 
Each Channel, >8dB 
Variation 
Effective Frequency 
range  
40 Hz to 16 kHz 
Permissible devia-
tion for 1 kHz  
1.5 dB with linear in-
put 
40 Hz to 16 kHz/ 
20 Hz to 25 kHz/ 
10 Hz to 40kHz, 
Permissible devia-
tion for 1 kHz  
40 Hz to 16 kHz, 
Permissible devia-
tions for 1 kHz 
1.5 dB Non-equal-
ized input 
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1.5/0.5/0.3 dB in be-
tween 20 Hz and 20 
kHz 
2.0 dB Equalized in-
put 
Gain Alignment >3dB gain difference 
between channels, 
at frequencies from 
40 Hz to 16 kHz 
4dB/1dB/ between 
channels, at fre-
quencies from 40 Hz 
to 16 kHz 0.5dB 
250 Hz to 6300 Hz 
gain difference be-
tween channels 
<4dB 
Total Harmonic Dis-
tortion 
40 Hz to 12.5 kHz  
>1% 
1%/0.5%/0.25% 40 Hz to 16 kHz for: 
Pre-amp 0.7% 
Power Amp      0.7% 
Integrated Amp   1% 
Rated Output Power None None At least 10W 
Overload Source 
emf 
Non-equalized input 
1.5V 
None Non-equalized input 
2V 
Equalized inputs 
30mV 
Over-all cross-talk 
attenuation 
>30 dB in range of 
250 Hz to 16 kHz 
None 250 Hz to 10 kHz 
>30dB and at 1 kHz 
>40dB 
Wideband signal-to-
noise ratio 
Pre-Amp > 55 dB 
Power Amp  > 70 dB 
Pre-Amp >58dB  
Power Amp    >81dB 
Pre-Amp        >55 dB 
Power Amp   >70 dB 
Integrated     >55 dB 
 
1.4 Nutube and VFD 
 
Like a vacuum tube, a typical VFD, Vacuum Fluorescent Display, consists of a glass 
container from which all the air has been removed. Because VFDs are display devices, 
the glass envelope tends to be somewhat flat and rectangular in shape. The display 
characters, i.e. the symbols, words, and segments that actually light up - are composed 
of electrodes called anodes that are coated with phosphorescent chemicals. Typically, 
these chemicals contain zinc, selenium, sulfur, and other trace materials. [4] 
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Stretched across the interior of the container, suspended above the display characters, 
are several filament wires. These wires are powered by a low-voltage supply to heat 
them.  
While the purpose of a VFD is very different than that of the average radio tube, there 
are similar structures in both. Both contain an electron source, the filament. Both contain 
a positively charged target. In the VFD, this electrode is called an "anode," and takes the 
form of a phosphor-coated word, symbol, or display segment. Finally, each device con-
tains a grid structure, which is used to control the flow of electrons from the filament to 
the anode/plate. This similarity between VFDs and the triode tubes made enthusiast 
wonder if a VFD could be used as an amplifier.  
At the end of the May 2016, Korg announced Nutube. In the fall of 2016, Korg started to 
sell Nutube and opened a website with more details about it. 
 
Figure 1. Nutube 6P1 produced by Noritake for Korg. [15] 
Nutube 6P1, is a VFD which was designed to use it as a double triode. Nutube got main 
advantages of VFD’s – low operating voltages, long lifespan, and miniature size, but 
remain general benefits of vacuum tube triode, as “tube sound” and rich harmonics.   
Korg asserts that new vacuum tube uses less the 2% of the power required by conven-
tional vacuum tubes and making it easy to power the unit on batteries. It expands a lot 
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of applications where it can be used. Now it occupies less than 30% of the volume of a 
conventional vacuum tube. Its small size and low thermal output allow it to be easily 
mounted directly on a high-density circuit board without using a socket. And the High 
reliability and long life of Nutube gives to costumers up to 30,000 hours of continuous 
operating life and the possibility to attach it directly to the circuit board with confidence 
knowing that it will not need to be replaced regularly like a 12AX7.  
 
1.4.1 Nutube 6P1 Datasheet 
 
According to datasheet Nutube 6p1 has significantly small amplification factor (μ). For 
Nutube it is 14.5 while other tubes such as ECC83 and 6L6, which is widely used, have 
100 and 130 accordingly. The transconductance of Nutube is 54 mS and it is much bigger 
than other tubes has. The usual value for triodes used in preamps is 6 mS. [14] 
Filament voltage and the current for its operating is crucial low. Typical current and volt-
age for Nutube is 0.7 V and 17 mA. As a result, Nutube have only 0,0119 W loss on the 
filament. On the other hand, is old tubes which have 6.3 V and 0.3 A for the filament. As 
a result power loss of 1.89 W. It is around 160 greater than Nutube’s. [14] 
Voltage amplification of Nutube is between 3.7 and 6.4, but the typical value is 5. This 
value allows using Nutube as the first stage of the amplifier (Preamp) how it is stated in 
some of Korg’s articles.  
 
 
1.4.2 Nutube 6P1 Application Notes 
 
Nutube 6P1 was designed to be common with DIP chip. It consists of glass as normal 
vacuum tube and has a rectangular form with sharp edges. It has 10 Pins with not 
common distance from each other. It is 2 mm, normal DIP components have 2.54 mm. 
Nutube delivers excellent linearity on different voltage levels. It is close to the linearity of 
an ideal twin triode. This linearity ease to design schematics for different supply voltages. 
It gives good gain alignment and decreases non-linear distortions.   
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On the figure 2, is visible that output power of triode is very low. It operates with anode 
currents below 200 uA. Average output power of it is 1.7mW. This disadvantage can be 
solved by using JFET buffer or op amp buffer. 
 
Figure 2. Anode characteristics of Nutube. Dependence of anode current on anode volt-
age [14] 
It is possible to supply filament with the current 2 ways - with parallel or with a series 
connection. Parallel connection of filament enables to have each filament to have the 
same voltage. To reduce power consumption and increase the battery life of an amplifier 
it is possible to supply filament current in series. This way filament current is half of that 
of parallel connection. 
 
Figure 3. Filament connection in parallel and in series. [15] 
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1.4.3 Microphonic Noises 
 
The microphonic response of different types of vacuum tubes to the same mechanical 
agitation covers a 70 dB range of levels. Tubes of the same type, on the average, cover 
a range of about 30 dB. [5] 
As a direct-heating tube, it does suffer from microphonic noise more than indirectly 
heated cathode tube. To prevent Nutube 6P1 from the microphonic noise it is needed to 
remove any vibrations around it. 
Circuit board vibration can be removed by wiring Nutube to the main circuit board instead 
of connecting it with the solid connector. Wired Nutube board is needed to mount to main 
board with some cushioning, for instance, sponge or cotton. 
 
Figure 4. Preventing microphonic noises from the main board. [15] 
The vibration of the air (sound) reaching the surface glass of Nutube can cause the mi-
crophonic noise especially high frequencies (a metallic sound). Placing Nutube in a pro-
tective box/case helps prevent such vibrations. Using the acoustic material in the chassis 
further reduces the noise. Placing a heavy metal plate (e.g. lead) on the surface of a 
Nutube can also reduce noise. 
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Figure 5. Preventing microphonic noises from the air(sound). [15] 
 
2 Theoretical Background 
 
2.1 Working Principle of a Vacuum tube 
 
The vacuum tube is an electronic device which consists of glass, metal, metal-ceramics 
or ceramics bulb which is filled with vacuum. In this vacuum, the bulb is soldered elec-
trodes which have different forms depending on the tasks they were designed for. All 
vacuum tubes have cathode and anode. In tubes where is more than 2 electrodes, addi-
tional grids are located in between of anode and cathode. 
 
Figure 6. Electron movement inside vacuum tube [12] 
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The basic working principle of the vacuum tube is based on electrons thermionic emis-
sion of electrons from a hot filament or a cathode heated by the filament. By heating, 
cathode/hot filament material receives thermal energy which weakening connection be-
tween atom and electron. It starts loose elections and in the vacuum, they start to move 
in the directions of electric fields. Anode normally has a higher potential and it is struck 
by electrons. As a result, there is a current in between anode and cathode. 
Control grids in between of cathode and anode are placed to control fields inside of tubes. 
By applying positive voltage on them, electric field intensity between cathode and grid 
will change significantly. Electrons will receive additional acceleration, but because of 
high potential difference between anode and grid, these electrons will pass control grid. 
Anode current will increase this way. 
 
Figure 7. Change of current flow through the grid, depending on voltage on the grid [12] 
 
Other tubes work the same way but there are more additional electrodes in the tube. For 
instance, pentode is vacuum tube with 3 additional electrodes: control grid, suppressor 
grid, screen grid. The function of them is to increase output current and reduce distortions 
caused by secondary emission. 
 
2.2 Amplifiers Theory 
 
Usually audio amplifiers, or low-frequency amplifiers, are designed to work in hearing 
range frequencies. It is commonly given from 20 Hz to 20 kHz, but this range can vary 
between individuals. Most of the amplifiers have an effective frequency range between 
10-15 Hz to 18-20 kHz.  
Audio amplifiers are supposed to receive low-frequency signal, it can be microphone or 
guitar pickup for instance. Depending on the input source, the input signal can have an 
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amplitude of few millivolts up to volts. After amplification, the output signal is connected 
to the load, it can be other power amplifier or acoustic systems (cabinets for guitar am-
plifiers). 
Almost none of amplifiers have 1 amplification stage. Usually, it is multi-stage amplifiers 
where each stage is developed for certain needs. The first stage of the amplifier is used 
for inputting signal to the amplifier. The final stage of the amplifier, returns amplified sig-
nal, it can be connected to the audio system to hear the result of amplification. 
Total amplification is the product of gain on each stage. It is usually provided in decibels 
for clearer understanding. There are 2 kinds of amplification, voltage and power. Voltage 
amplification is the ratio between output and input voltage, while power amplification is 
the ratio between output and input powers. 
𝐺𝑡 =  𝐺1 × 𝐺2 × 𝐺3 
𝐺𝑡(𝑑𝐵) = 20 × 𝑙𝑜𝑔10(𝐺𝑡)   (𝑉𝑜𝑙𝑡𝑎𝑔𝑒) 
𝐺𝑡(𝑑𝐵) = 10 × 𝑙𝑜𝑔10(𝐺𝑡)    (𝑃𝑜𝑤𝑒𝑟) 
 
First stage amplifier or pre-amplifier amplify voltage. It is designed to have high input 
impedance, small SNR and high gain coefficient. Final stage amplifier, also called power 
amplifier, amplify the power of signal so it could be fed to the acoustic system, head-
phones, cabinets, home theatre. 
In between of pre and power amplifiers is located control block. With this control block, 
it is possible to change volume, tone, equalisation etc. The structure of this kind of am-
plifier is presented in figure 8. 
 
Figure 8. The structure of multistage low-frequency amplifier with control block. [12] 
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In low-frequency Hi-Fi amplifiers, sometimes is used other structure. In these amplifiers, 
each channel got separated on different frequencies in control block and each this fre-
quency channel has its own power amplifier stage. An amplifier designed this way can 
have very flat gain alignment and cost a lot. Usually, they have two to five different fre-
quency channels. The structure of this amplifier is presented in figure 9. 
Figure 9. The structure of multistage low-frequency amplifier with control block which 
separates signal on different frequency channels. [12] 
3 Design the Prototype 
 
After releasing and start of sales of Nutube, Korg started providing datasheets. There 
are example amplifier circuit and more data. As a target of this project, is to create am-
plifiers which will approach the minimum requirements of Hi-Fi amplifiers. Also, to design 
an amplifier which will have a distortion on the output as guitar amplifier does. 
For developing PCB, PADs software was used because it got common during studies. 
For generating LMD file from milling machine was used CircuitCAM software and for 
milling the board was used, BoardMaster. 
 
3.1 Nutube Board 
 
To prevent microphonic noises and ease moving Nutube 6P1 from one amplifier circuit 
to another was designed Nutube board. Nutube has 10 pins. This 10 pins is connected 
with SIP 10 connector as an output of this board. This board will protect flexible Nutube 
pins from its bending and braking. 
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To do it was needed to design new PCB decal which has 2mm distance between pins 
and print the board.  
 
Figure 10. Nutube mounting board. 
3.2 Capacitors Selection 
 
Capacitors in amplifiers are used for filtering, power supplies and audio coupling. In case 
of audio coupling, it can play a significant role. For audio coupling usually are used elec-
trolytic, tantalum or ceramic capacitors. 
Ceramic capacitors are cheap and small. However, they suffer from microphonic noises 
and their value can decrees with the time as much as 50%. They are not very good in 
audio coupling because they are not very linear and can cause non-linear distortion to 
the amplifier. 
Tantalum capacitors are expensive and they are not available in many values. They are 
linear in an audio path and can be used for audio coupling. Audiophiles state that they 
sound not as good as electrolytic capacitors. 
Electrolytic capacitors are the best for audio coupling. They have low equivalent series 
resistance and small package. Special purpose capacitors for audio equipment is usually 
electrolytic capacitors. They are cheaper than tantalum capacitors. Only theirs disad-
vantage, compare with other capacitors types is the size, they are bigger than competi-
tors. 
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In this application, electrolytic capacitors are used for audio coupling because the 
purpose of the project is to get an audio amplifier with highest possible fidelity. For volt-
age stabilisation and noise reducing will be used ceramic capacitors.  
 
 
Figure 11. 3 types of capacitors widely used for audio coupling: ceramic, tantalum and 
electrolytic (from left to right). 
 
3.3 Single Amplifier by Korg 
 
It is an reference designed amplifier of a designed by Korg and attached to datasheets. 
It has 3 stages of amplification. It consists of 2 JFETs and one triode. It requires 2 voltage 
sources - 12 V and 3.3 V. First stage of an amplifier is voltage buffer. It is used to protect 
very low power input signal. JFET is used in this case because it has a large input im-
pedance which is around 10 GOhm. This Impedance comes in parallel with 1M resistor 
what makes input impedance equal 1M, what is high enough. The second stage is 
Nutube. The last stage of the amplifier is one more JFET as a buffer. It is used one more 
time because of the very high output impedance of Nutube.  
 
 
 
Figure 12. Block Scheme of Single Stage Nutube Amplifier by Korg 
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This Amplifier is very simple but gives a clearer understanding of Nutube applications. 
To prevent future development problems it is needed to design PCB of this amplifier first. 
This way will be understandable difficulties which are needed to withstand while design-
ing. 
For the grid of Nutube amplifier, it is needed to use the biasing circuit. It must be fed with 
3.3 V maximum. This biasing voltage can be tuned by a variable resistor and fed to the 
grid through 33k ohm resistor.   
 
 
Figure 13. Schematic of single Nutube 6P1 amplifier by Korg. 
This Amplifier does not have any volume/balance control. It is single channel amplifier. 
As well it didn’t have a high gain level. Amplification of the signal should be around 14 
dB. Output power is low because output stage of an amplifier is JFET buffer. To increase 
maximum output power is needed to use IC power amplifier. An alternative of it is valve 
power amplifier based on pentodes. It is still widely used in Hi-End devices despite on 
the oldness of this solution. 
3.3.1 Schematics and Layout of Components 
 
In the case of simplicity of this amplifier, it will be possible to implement everything on 1 
layer and use other as a ground layer. As an input and output of the signal, is used 
standard 6.3 mm, Jack. It is widely used in the music industry and in guitar amplifiers. 
As a JFET was used BF245. It is usually used in High Frequencies amplifier but in this 
application, it fits well and preliminary test on breadboard proofed it. 
This amplifier requires 2 voltage sources so in this case it was needed to use a voltage 
regulator. In this application LM1117 3.3 V SMD Voltage regulator is used. For inputting 
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power was used typical DC 5.5mm x 2.1mm Jack and its connector. As a passive 
component was used here electrolytic capacitors (one ceramic capacitor was used for 
voltage stabilisation) and both, film and carbon resistors or carbon resistors. 
To make device useable it is needed to follow standard component placing. All compo-
nents which are used to tune the signal must be placed in the front of the board. Input 
signal must come from the left part of the board and the output must be returned from 
opposite side. Voltage input must be placed somewhere on the edges of the amplifier as 
well. Other amplifiers follow the same components placement rules. 
 
Figure 14. Single stage, single channel Nutube amplifier. 
 
3.4 Double Stage Nutube Amplifier  
 
For higher gain levels is needed to use more amplification stages. Nutube is double tri-
ode and in a single stage, Nutube amplifier designed by Korg is used only one triode and 
second is unused. 
The first stage of the amplifier is JFET buffer. It will rise input impedance to the high level. 
The second stage is a Nutube 6P1. It will give 14 dB amplification. After Nutube is used 
as voltage buffer because the output impedance of a triode is meaningfully high. For this 
case, Hi-Fi op-amp is used. It has very high input impedance and won’t bring a lot of total 
harmonic distortion and noises. As a second step is used the second triode of Nutube. It 
brings to the system 14 dB amplification more and the total is 28 dB on this stage. On 
the last stage of an amplifier used second channel of Hi-Fi op-amp. [14] 
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As a HiFi op-amp is used TL072. It has typical total harmonic distortion 0.003% what is 
expressively low for audio equipment and using it twice in one channel won’t distort 
sound quality. 
A total gain of the system will be 28dB because only Nutube stages bring voltage ampli-
fication to the system. 28dB is equal to 25 times higher amplitude. 
 
Figure 15. Block Scheme of double stage Nutube preamp. 
This gain level can create a distortion on the output if the input signal will be high 
enough. One of the benefits of a tube amplifier is “tube sound” and its soft clipping dis-
tortion.  
Soft clipping distortion is an effect which releases when output signal got amplified and 
it exceeded maximum voltage peak-to-peak but its edges remain smooth. Opposite of 
soft clipping distortion is hard clipping distortion, it is more common for solid state de-
vices. 
 
Figure 16. Sine wave under hard clipping and soft clipping distortion. 
This amplifier can be used as effect pedal for guitar as well. It is a simple and easy way 
to get tube sound or tube distortion for guitar. It is possible to create this circuit to work 
with the 9V battery.  
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Figure 17. Schematic of double stage Nutube PreAmp. 
 
3.5 Nutube Amplifier with Power Stage 
 
Nutube amplifier must have balance control and some tunings to approach Hi-Fi stand-
ards. As well it must have a power amplifier on the final stage to pass minimum require-
ments of Hi-Fi power output. 
The first stage of this amplifier will be a JFET buffer, similar to a single Nutube amplifier 
by Korg has. It provides high enough input impedance and does not cause noises. On 
the second stage is used balance control/volume block. For volume, the block is used a 
simple variable resistor. Next stage is a Nutube and after will come audio Op-amp buffer. 
As a final stage of this amplifier used power amplifier. Whole amplifier system will be 
stereo so it uses two channels for all stages.  
 
 
Figure 18. The structure of a stereo amplifier with power amplifier on the last stage. 
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As a power amplifier is used TDA2616. It is IC power amplifier by Philips Semiconduc-
tors. It is stereo amplifier so it is needed one chip for both channels. It passed Hi-Fi test 
in accordance with IEC 268 and DIN 45500 for IC amplifiers. The output of this amplifier 
is 12W for each channel. It makes this amplifier heats a lot. It is needed to use a heat 
sink to reduce the temperature in the chip. Heatsink must have thermal resistance 
around 3.3 K/W according to datasheet [10]. It must be supplied by at least 15V. Total 
harmonic distortion of this amplifier is typically 0.15%  
In this circuit there is 3 different voltage levels. It is 12, 3.3, -12 V. This range of voltage 
is needed to use because of TDA2616 is required dual polar voltage and 3.3 V is needed 
for biasing. [10] 
 
Figure 19. Stereo 12W amplifier with Nutube preamp. 
Power amplifier brings difficulties to the PCB design. It is needed to take into account 
high currents for supplying TDA2616. This current can exceed 2 A and it is needed to 
use wider traces. [10] 
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The voltage gain of an amplifier will be around 44 dB. 14 dB on the Nutube amplifier 
stage and 30 dB for TDA2616. It is about 160 times higher amplitude.  
 
3.6 Portable Double Stage Nutube Amplifier with Power Stage 
 
One of the benefits of Nutube valve is a reduced power consumption. Comparing to the 
other tubes, it uses only 0.625% power of normal tube. This advantage gives the 
possibility to design portable vacuum tube amplifier. [14] 
Because of the low maximum output power of Nutube, it is needed to use power amplifier 
stage as it was done in paragraph 3.3. It means that this amplifier won’t be completely 
valve amplifier, but combined solution with JFET buffers and IC power amplifier. 
Power supply for this amplifier will be 9V battery or power adapter with 9V output. It is 
enough voltage for the anode of Nutube. Almost none of old vacuum tubes could work 
with this low anode voltage. 
As a power amplifier, in this application is used LM386. It is widely used power amplifier 
in portable audio equipment. Maximum output power varies from 500 to 700 mW with 9 
V power supplied. It is enough for a small speaker for the portable amplifier. Speaker 
must be connected to this amplifier in series with 250 uF capacitor and in parallel with 
RC circuit according to the LM386 datasheet [11]. 
For better usability, this amplifier will have tone control block. Tone control blocks usually 
placed before power amplifier stage. It will have 2 controls, for basses (lowest frequen-
cies of audible spectre) and treble (highest frequencies of audible spectre). The Baxan-
dall tone control circuit fits great for this application. It works like parallel adjustable low 
pass and high pass filter. [13] 
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Figure 20. Baxandall tone control circuit [13] 
Mid band attenuation of Baxandall tone control circuit is about 20 dB. With full boost 
applied on treble or bass potentiometer minimum attenuation is about 3 dB. Maximum 
attenuation with bass and treble cut is 40 dB. The curve of Baxandall frequency response 
is in the figure 21. [13] 
 
Figure 21. Baxandall frequency response curve [13] 
This amplifier is single channel because it is designed as a guitar amplifier. Here will be 
used both triodes of Nutube. With 9 V fed by battery, amplification of both valves is 26 
dB. For getting distortion on tube stage of an amplifier, with 100 mV peak-to-peak input 
signal, it is needed to use additional pre amplifier stage. According to testing 800 mV 
coming on Nutube stage is enough to get tube distortion with soft-clipping effect, Pre-
amp of this amplifier must have 18 dB before tube stage and must work with 9 or 3.3 V. 
For this application MCP6279 op amp can be used. This preamplifier stage must have 
variable gain, to control distortion level. In between of the valves is used JFET buffers to 
increase the output power of valves.  
The whole structure of designed portable Nutube amplifier is on figure 22. Total maxi-
mum amplification of the signal can be 50 dB. It is 316 time, with this amplification and 
100 mV input signal, the output signal will be distorted not only with vacuum tube but 
also power amplifier. It means that it will be needed to reduce signal amplitude on volume 
control stage. 
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Figure 22. Block diagram of portable Nutube amplifier with valve distortion 
To increase working life with the battery, in this application is used serial filament con-
nection, with 110 ohm resistor. [14] 
In this amplifier, there are two voltage levels. It is 9 and 3.3 V, which comes from the 
voltage regulator. For switching on and off the amplifier, is used the switch in between 
the 9V battery and power input of the circuit.  
 
Figure 23. Schematic of Portable Nutube Amplifier 
As a result, this amplifier will have powers switch, 4 controls: volume, gain, bass and 
treble. As an output is used 8 ohm 0.5 W speaker. As a power input is used 9 V battery. 
As an input of the signal is used common 6.3 mm audio Jack. 
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4 Measurements  
 
4.1 Output power 
 
Amplifiers of this project can be divided into 2 groups: preamps and amplifiers with power 
amplifier stages. Preamplifiers shouldn’t have high power output, because they are not 
used to reproduce sound through speakers. Amplifiers with power stages are designed 
to connect with speakers.   
HiFi standard minimum requirement for non-preamp is 10W. Stereo Nutube amplifier has 
output power 12W per channel and it means that it passed HiFi requirements. This is 
enough power for TV or car audio amplifiers. Portable Nutube amplifier is using LM386 
with output power 700 mW. It is enough for a portable speaker this power is not matching 
with IS 9551 standard. 
 
4.2 Effective Frequency Range 
 
The audio amplifier must work in whole auditable frequency range identically well. In the 
case of Hi-Fi and Hi-End equipment, signal output have to be the same as input because 
otherwise it can change the sound and reduce fidelity.  
To measure effective frequency range it is needed to input sine wave signal to the am-
plifier and compare with the output signal. Then change the frequency in the whole au-
ditable frequency range. If the ratio of the output signal and input signal does not change 
and remain reasonably constant, this range called effective frequency range 
If the amplifier has timbre block or tone control it can reduce effective frequency range. 
This tone control works as filters which can reduce output amplitude to get the sound 
which user wants.  
To pass Hi-Fi standard minimum requirements amplifier’s effective frequency range must 
be at least 40 Hz to 16 kHz. In this range, the signal can change for 1 dB in 1 kHz 
bandwidth. It doesn’t cover whole audible spectre but in real life, our hearing effective 
frequency range is not flat as well. Human ear won’t define any differences in the highest 
frequencies of audible spectre.   
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Single Nutube 
Amplifier 
Double Stage 
Nutube Amplifier 
Stereo Nutube 
12W Amplifier 
Portable Nutube 
Amplifier 
 
Effective Fre-
quency Range 
 
10 Hz - 17 kHz 1 
dB difference 
8 Hz - 21 kHz 1.5 
dB difference 
 
10 Hz - 16 kHz 
1dB difference 
5 Hz - 19.5 kHz 
1.5 dB differ-
ence  
 
10 Hz - 16.5 kHz 
1 dB difference 
8 Hz - 19 kHz 1.5 
dB difference  
 
2 Hz - 21 kHz   2 
dB difference 
equalized input  
It reaches 2 dB 
difference on 
100 Hz fre-
quency 
 
Table 2. Effective frequency ranges of different Nutube amplifiers.  
The frequency characteristic of Nutube is relatively good. In most of applications and 
tests, it was passing Hi-Fi minimum requirements. For portable Nutube amplifier EFR 
suffered because of tone control block, but with precise tuning it is possible to get flat 
output in the audible frequency range. 
 
4.3 Total Harmonic Distortion (THD) 
 
Total harmonic distortion is the summation of all harmonic components of the voltage 
waveform compared against the fundamental component of the voltage. The ideal sine 
wave has zero harmonic components. During amplification, some non-linear character-
istics of an amplifier can cause parasitic harmonic components. 
As well these parasitic components can come from amplifiers output amplitude limita-
tions, frequency response, applied a load, circuit board layout and grounding.  
Harmonic distortion may be measured by applying a spectrally clean sine wave voltage 
signal to the input of the amplifier under test. Next, adjust the input power level to the 
amplifier for a desired output power level and then looking at the output harmonic spec-
trums (second, third, and fourth harmonics, etc.) of the amplifier on a spectrum analyzer. 
Total Harmonic Distortion (THD) is expressed in Root-Sum-Square (RSS) in percentage. 
The THD is usually calculated by taking the root sum of the squares of the first five or six 
harmonics of the fundamental. [6] 
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𝑇𝐻𝐷(%) = 100 ×  √
𝑉2
2+𝑉3
2+𝑉4
2+⋯+𝑉𝑛
2
𝑉1
   [9] 
Values on the spectrum analyzer can be showed as dBm, dBV, dBW, V or W. On figure 
24 is demonstrated signal with high harmonic distortion level.  
 
Figure 24. The output of the spectrum analyzer with input signal frequency of 1 kHz. 
For audio equipment, is important only low-frequency components which are the part of 
the hearable frequency range from 20 Hz to 20 kHz. For these purposes are used spec-
trum analyzers which can handle low frequencies. For measuring THD in this project was 
used Agient 4395A network/spectrum/impedance analyzer. It works in the range of 10 
Hz to the 500 MHz and it covers whole auditable spectre. 
Smaller THD is better for the amplifier. For HiFi standard DIN 45500 minimum require-
ments, THD must be smaller than 1%, for GOST 24388-88 standard it should be smaller 
then 1%/0.5%/0.25% in respect of audio device class and for Indian standard, it must be 
smaller than 0.7%, both for the preamplifier and power amplifier.  
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Single Nutube 
Amplifier 
Double Stage 
Nutube Amplifier 
Stereo Nutube 
12W Amplifier 
Portable Nutube 
Amplifier 
 
Total Harmonic 
Distortion (THD) 
 
Max - 0.28% 
Typical - 0.21% 
 
Max - 0.51 % 
Typical - 0.48 % 
 
Max - 0.49% 
Typical - 0.44% 
 
Max - 0.54 % 
Typical – 1.23% 
 
Table 3. Total Harmonic Distortion level of different Nutube amplifiers 
With increasing of input voltage amplitude THD level is increasing. It is needed to de-
crease gain/volume level to negotiate distortion which comes from voltage level limita-
tion. To get tube distortion it is needed to increase input level without decreasing gain/vol-
ume level. In this case THD level will be high, up to 15%. 
These amplifiers passed minimum requirement levels of Hi-Fi systems. Main reason why 
it is so, is low amplification level of amplifiers. Other devices on the market usually has 
higher gain and higher THD level.  
 
4.4 Noise Figure and Signal-to-Noise Ratio 
 
The noise factor is defined as the ratio of the output noise power of a device to the portion 
thereof attributable to thermal noise in the input termination at standard noise tempera-
ture T0 (usually 290 K). The noise factor is thus the ratio of actual output noise to that 
which would remain if the device itself did not introduce noise, or the ratio of input SNR 
to output SNR. 
Noise figure is a very important to point in audio equipment. High Fidelity audio equip-
ment ideally should have 0 noise but it is impossible because of noise sources. There is 
five basic noise sources for amplifiers: [8] 
 Thermal noise 
 Shot noise 
 Flicker (1/f) noise 
 Burst noise 
 Avalanche noise 
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Burst noise and Avalanche noise is not the case of vacuum tubes, it is more related to 
semiconductors. Modern one does not suffer so much from these sources. [8] 
Flicker noise is a low-frequency effect and it can bring some damage to signal in audio 
amplifiers, this noise can be caused not only in semiconductors but also in resistors and 
vacuum tubes. [8] 
Shot noise is a noise produced from discrete nature of electric charge. It was first intro-
duced in 1918 when Walter Schottky has studied currents in vacuum tubes. This noise 
is white, it means that it is frequency independent. [8] 
Thermal noise is a constant energy per unit bandwidth and is generated by the thermal 
agitation of electrons in a conductor. It is white noise as well, so it can make an influence 
on the audio spectrum also. [8] 
There is lots of specific equipment which can be used to measure noise level. It can be 
also done by using spectrum analyzers which were used to measure THD.  
There are few methods of measuring noise. They are called Gain method, Y-factor 
method and Noise Figure Meter method. In Metropolia’s laboratory, there is no noise 
figure meter which is used for last method, and no calibrated noise source which is used 
in the Y-factor method. In this thesis, a gain method is used. It is very simple but accurate 
method to use. [7] 
To measure noise with the gain method it is needed to left amplifiers input terminal dis-
connected and spectrum analyzer connects to the output of the amplifier. It is needed to 
take an average of the spectrum analyzer and measure noise figure. After it is needed 
to subtract it with the noised thermal power and gain of the amplifier. The result of this 
simple calculation is noise figure. [7] 
𝑁𝐹 = 𝑃𝑛𝑜𝑢𝑡 + 174 𝑑𝐵𝑚 𝐻𝑧⁄ − 𝐺𝑎𝑖𝑛  [7] 
The signal to noise ratio for an amplifier is the ratio between the maximum output signal 
and the noise floor at zero output level. To measure it, first is needed to measure maxi-
mum output signal voltage. Secondly, it is needed to measure noise floor and after take 
the ratio between these 2 values.  [9] 
Hi-Fi standards minimum requirement for the preamp is 55 dB or higher. For power 
amplifier signal-to-noise ratio must be higher than 70 dB. For power amplifier this mini-
mum requirement is much higher because power amplifier stage amplify signal much 
higher and this way increase signal amplitude and signal power and as a result. 
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Single Nutube 
Amplifier 
Double Stage 
Nutube Amplifier 
Stereo Nutube 
12W Amplifier 
Portable Nutube 
Amplifier 
 
Noise Figure 
23 dB  - with am-
plification level 
15.6 dB 
14 dB - with am-
plification level 
30 dB 
28 dB - with am-
plification level 
44 dB 
36 dB - with am-
plification level 
58 dB 
 
Signal-to-noise 
ratio 
 
44 dB 
 
42 dB 
 
47 dB 
 
38 dB 
 
Table 4. Noise Figure and SNR of Nutube amplifiers  
The noise level of all Nutube amplifiers is very high. As it was mentioned before, Hi-Fi 
standard minimum requirement is 55 dB and none of the amplifiers reach that. Stereo 
Nutube 12W amplifier, which considered to have high SNR, because it uses Hi-Fi power 
amplifier with SNR which passed IC power amplifier requirements in IEC 268 and DIN 
45500 standards.  
This noise definitely comes from Nutube. Some of the noise comes from the voltage 
buffer, the noise figure of BF245a which is used in these stages is 1.5 dB. In most of the 
amplifiers, this JFET is used 2 or 3 times.  
4.5 Over-all cross-talk attenuation 
 
Cross talk coupling is an effect can be found in amplifiers with more than one channel. It 
is an undesired effect which usually caused by capacitive, inductive or conductive cou-
pling between traces of PCB, IC components and wires. 
This effect is not very important on modern simple audio systems and more related in 
studio equipment. It is important in amplifiers with a structure similar to figure 9 has and 
multi-channel audio amplifiers In this type of amplifiers, it is possible to have a big amount 
of channels. This noise also can be caused by ground currents.  
To test this effect it is needed to apply a signal to one of the channels and connect the 
second channel to the ground. After it is needed to measure both channels on the output 
of the amplifier. A ratio is formed by dividing unwanted signal amplitude on the signal 
channel amplitude. It is expressed in decibels and it depends on the frequency. With the 
increase of the frequency, cross talk attenuation usually increases as well because of 
capacitive and inductive coupling effect increases. 
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Only one amplifier in this project has two channels and in this amplifier, it is possible to 
measure cross-talk attenuation and build a graph with different frequency. (Figure 25) 
 
Figure 25. Graph of crosstalk attenuation on Nutube 6p1 stereo 12W Nutube amplifier. 
Measured crosstalk attenuation is around 56 dB in Nutube Stereo 12W amplifier. HiFi 
minimum requirement is >30 dB for 250 Hz and >40 dB for 10 kHz. In this case, stereo 
amplifier passes minimum requirements. With frequency increasing this ratio is increas-
ing, because output voltage amplitude decreases as well and this amplifier works as low 
pass filter because it’s auditable effective frequency range. 
 
5 Results and Discussion 
 
After having preliminary testing and measurements of amplifiers were made following 
observations.   
In most of the audio measurement, Nutube performed well. It has very good effective 
frequency range. It does cover whole audible frequency range with flat amplification 
curve. As well this component provides low total harmonic distortion level and does not 
have any problems with cross-talk attenuation. After some gain level, Nutube can pro-
duce “tube distortion” with soft clipping effect which can be used in guitar amplifiers.   
The main flaw of all amplifiers is noise level. Amplifiers suffered from noises and by 
measuring and datasheets it comes from Nutube 6p1. Korg provided different solutions 
how to reduce noise levels of Nutube but some of them is hard to implement, such as 
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microphonic noises. Until Nutube will get some update or new model of it will be re-
leased by Korg, this component will affect on the noise level of the amplifier. Maybe it is 
the main reason why there is no any audio devices on the market which are using 
Nutube as voltage amplifier stage. 
On the other hand, Nutube 6p1 is a great solution for amplifiers with low supply voltage 
or which working from the battery. It consumes very small amount of power compare 
with other normal tubes. As well it requires very small anode voltage, starting from 5V. 
This high supply voltage range which starts from low voltages provides the possibility to 
use this component in the application where it was impossible to use valves. A possible 
application is car amplifiers, portable amplifiers, guitar pedals, guitar active pickup volt-
age amplifier.  
On more disadvantage of Nutube is low power output of valve. It means that amplifier 
must have several solid-state components in its schematic. As a result of this disad-
vantage is combined (valve + solid state) design. It will lose part of the possible market 
if some applications will be released.  
Nutube has modern design and in some stages of designing applications is needed 
take it in account. Flexible pins of Nutube is one of the major disadvantages of this 
package. Strange pinout also makes an application based on Nutube a bit odd. If all 
the active pins could be placed on the same distance or have standard distance be-
tween of them 2.54 mm as SIP connector has. 
Nutube 6p1 definitely cannot be used in Hi-Fi equipment because the requirement for 
this audio equipment is too high for this component. However, devices which uses 
Nutube 6p1 can get Hi-End marking. This label does not need any minimum require-
ment but they must use some innovative solutions. In this point of view this component 
can look interesting and some people can buy applications based on it, because it is 
vacuum tube and it looks modern.  
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6 Conclusion 
 
Nutube is a good step to renovate tube market and brings new products to it. It can be 
used in some applications and the best field is portable amplifiers and low voltage am-
plifiers as it is visible from the measurements and design articles above. With decent 
design and marketing products based on Nutube can take part of the audio amplifiers 
market. It does fix most of the problems valves had, such as heating, power consumption 
and life span. 
As a component as it is now, it won’t be used in audio equipment. It has high noise level 
and it is expensive compared to the other tubes. It is not possible to assemble complete 
valve amplifier with it and potential consumers will prefer old style tubes. 
Korg should continue developing new products and components based on same princi-
ples of Nutube. They are not first who found VFD as an audio triode, but they are first 
company who implemented it as a ready to use component with proper audio character-
istics. If it could be possible to recreate this triode based on VFD principles, and it will 
have lower noise level, it could be a great solution for audiophiles and recording studios 
as well. 
The price of this component is 50 euro per each valve and it is costly for final products. 
Final products will be more expensive than other solutions because other valves or solid 
state devices cost less, and on this part of amplifier market is lots of solutions which use 
solid state devices and few of them uses valves or combined design. In this case, Korg 
can be successful because of theirs brand and long experience. 
However, it is a good component for amateur audio electronics designers. Already now 
it is possible to find preamps and headphones amplifiers based on Nutube, which was 
designed by a single person and sells as a kit for assembling.  
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Appendix 1. Single Nutube Amplifier Schematic 
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Appendix 2. Single Nutube Amplifier Layout 
 
  
 
 
 
 
 
Appendix 1 
3 (13) 
 
 
Appendix 3. Single Nutube Amplifier Bill of Materials 
 
 
Appendix 4. Double Nutube Amplifier Layout  
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Appendix 5. Double Nutube Amplifier Schematic  
 
Appendix 6. Double Nutube Amplifier Bill of Material  
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Appendix 7. Stereo Nutube Amplifier Schematic 
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Appendix 8. Stereo Nutube Amplifier Layout  
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Appendix 9. Stereo Nutube Amplifier Bill of Materials  
 
Appendix 10. Portable Nutube Amplifier Schematic 
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Appendix 11. Portable Nutube Amplifier Layout 
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Appendix 12. Portable Nutube Amplifier Bill of Materials 
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Appendix 13. Measurements of Single Nutube Amplifier 
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Appendix 14. Measurements of Double Stage Nutube Amplifier 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 15. Measurements of Stereo 12W Nutube Amplifier 
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Appendix 16. Measurements of Portable Nutube Amplifier 
 
  
 
 
 
